Recurrent anterior shoulder instability may result from a spectrum of overlapping, often coexistent factors, one of which is glenoid bone loss. Untreated, glenoid bone loss may lead to recurrent instability and poor patient satisfaction. Recent studies suggest that the glenoid rim is altered in up to 90% of shoulders with recurrent instability, thus underscoring the need for careful diagnosis, quantification, and preoperative evaluation. Biomechanical and clinical studies offer criteria that may be used in both primary and revision settings to judge whether shoulder stability is compromised by a bony defect. Along with patient activity level, these criteria can help guide the surgeon in selecting treatment options, which range from nonsurgical care to isolated soft-tissue repair as well as various means of bony reconstitution.
S tability of the glenohumeral joint requires complex musculoskeletal interactions. Without a constraining bony articulation, several static and dynamic mechanisms must act in coordination to maintain consistent centering of the humeral head on the glenoid fossa.1 Following an initial traumatic anterior shoulder dislocation, several factors may contribute to recurrence. The most common lesion is an anteroinferior capsulolabral avulsion from the glenoid rim,2'3 typically with associated capsular attenuation. 4 In addition, acute fracture and/or attritional glenoid bone loss may contribute to recurrent instability by altering the glenohumeral contact area and the function of the static glenohumeral restraints.5'6 Although the critical importance of a functional anterior capsulolabral complex has been validated by a large body of work, only in the past 5 to 10 years has attention been focused on the role that glenoid bone deficiency plays in the successful management of recurrent anterior shoulder instability.
Epidemiology
The prevalence of glenoid bone loss in association with recurrent anterior instability is not consistently reported in the literature. This inconsistency may result from a lack of uniformity in evaluating the glenoid rim for bone defects. Despite this variability, a certain amount of glenoid bone loss likely is present in most cases of recurrent instability;6 some degree of osseous deficiency has been noted in up to 22% of patients after an initial dislocation,7 in 0% to 90% of patients with recurrent instability,2'6'8"11 and in up to 89% of failed prior stabilization procedures.12
Nature of Bone Defects
Sugaya et al6 used three-dimensional CT scans to evaluate the morphology of the glenoid rim in 100 consecutive cases of recurrent anterior instability. Ten percent of the patients had normal glenoid bone architecture, 50% had a true bony Bankart lesion, and 40% had some degree of bony "erosion," which may represent a true erosive mechanism or a compression fracture (Figure 1 ). Of the avulsion fractures, most were classified as medium (5% to 20% of the glenoid fossa) or small (<5% of the fossa). In a retrospective review of 123 three-dimensional CT scans undertaken for recurrent anterior instability, Saito et al13 noted that the most common location of defects was directly anterior to the glenoid face, ranging in position from 12:08 to 6:32 on a clock face created by drawing a circle around the glenoid; most defects were between 2:30 and 4:20.
Mechanism
There is little more than speculation to suggest a distinct mechanism for glenoid osseous lesions. It is likely that several factors are responsible. Burkhart and De Beer12 reported a substantial frequency of acute gle-B Bone defects typically occur in one or two possible forms, fracture fragment and attritional bone loss, or in a combination of both. A, Fracture fragment. A three-dimensional CT reconstruction image demonstrates anterior glenoid bone loss in the form of a fracture, with a clearly recognizable bone fragment. B, Attritional bone loss. A sagittal MR image demonstrates anterior glenoid bone loss with a smooth, almost erosive pattern of deficiency and no identifiable fracture fragment (arrow).
noid rim fractures among South African rugby players compared with American football players (9.4% versus 0%, respectively) and suggested that, in the typical rugby dislocation, a greater axial load may be imparted to the glenoid. This mechanism is in contrast with the more common rotational mechanism of American football, in which the inferior glenohumeral ligament may avulse off a small fragment of glenoid rim.9'12 A smooth-appearing, blunted lesion may be explained by an acute but lower-energy initial event (eg, compression fracture) and/or a more chronic, erosive process secondary to recurrent instability.
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Natural History
Many individuals with bone loss likely suffer some bony involvement at the time of initial dislocation, thus setting the stage for the development of subsequent chronic attritional changes. In cases of acute (<3 months) recurrent instability, identifiable fracture fragments are frequently reported.14'15 By contrast, a more attritional pattern was reported in the series of Mologne et a\,u in which, at a mean of 15 months after the first dislocation, 50% of glenoids exhibited erosive bone loss without an identifiable fracture fragment. Fracture fragments in chronic cases (>6 months) often show signs of partial resorption.17 Rim defects have also been noted to enlarge over time.9 These findings suggest that some lesions occur at the time of the initial dislocation, whereas others may develop, progress, or remodel as a consequence of repeated instability episodes.
Pathoanatomy and Biomechanics
Loss of bone in the anteroinferior glenoid decreases the available articular arc, resulting in a mismatch between the glenoid and humerus. That is, the glenoid articular area and the concavity that contains the humerus and can prevent dislocation are both diminished. A smaller articular arc length also represents a smaller surface area by which the glenoid can resist axial forces, thus increasing the relative shear forces imparted to a repaired capsulolabral interface. 12 Loss of bone along the glenoid rim also decreases the depth of articular conformity. This decrease results from loss of a portion of the joint's normal concavity-compression and the buttress-type restraint to anterior instability.12'18 These mechanisms are amplified when associated Hill-Sachs lesions are present on the humeral side.19 Several authors have demonstrated both small and large glenoid defects frequently accompanying,6'8 and contributing directly to,12 recurrent instability, such as osseous fragment, obtuse morphology, inverted pear shape, Hill-Sachs lesion, dislocation, and subluxation.
Diagnosis and Quantification

History
A detailed history should be obtained from all patients who present with recurrent anterior instability. The history should begin with the patient's preinjury activity level and the details surrounding the initial dislocation event. Several factors, if present, may suggest glenoid bone loss. An initial high-energy event, typically involving a mechanism that axially loads the glenoid, may indicate a predisposition for glenoid bone involvement.12 Associated bone loss may be indicated by complaints of subsequent instability in the midranges of motion (ie, 20° to 60°o f abduction)20 and, specifically, by dislocations that occur with lowerenergy events and with simple activities of daily living. Any suggestion of progressive ease of subluxation may indicate loss of bony constraints of the glenohumeral joint. Prior treatments (both surgical and nonsurgical) and their outcomes should be reviewed. Previous surgical reports and imaging studies should be reassessed to establish the initial injury pattern and adequacy of treatment.
Physical Examination
Both shoulders should be carefully inspected for evidence of deformity, scapular dyskinesia, prior surgical scars, and/or possible rotator cuff atrophy. A careful neurovascular examination should be performed, along with standard tests of active and passive range of motion, rotator cuff strength, and provocative labral signs. The surgeon should pay special attention to subscapularis function, particularly in older patients with instability, and, because of the potential for failure of subscapularis repair, in any patient who has undergone a previous open stabilization.
An examination of stability should be performed, with comparison made to the contralateral shoulder in order to quantify the direction and magnitude of laxity. Care should be taken to differentiate these patients from those with multidirectional instability. In the case of bony involvement, a greater relative degree of early and midrange (ie, 20° to 60°) apprehension, which is typically unidirectional, is likely to be seen.1'18 Although findings may not readily differentiate patients with glenoid bone loss from those with soft-tissue-only lesions, the relative degree of detected instability may be greater in patients with bony defects.16
Imaging
In general, plain radiographs are moderately accurate at demonstrating glenoid bone loss.9'21 A bony shadow or displaced bony Bankart fragment may be visualized on a standard AP view or in other projections parallel to the glenoid face, such as the axillary or glenoid profile view. 22 The highest-yield projections, however, are angled relative to the glenoid face, such as the apical oblique,23 Didiee,24 or West Point25 views. The Stryker notch view and AP view with the humerus in internal rotation should also be obtained, given their utility in visualizing potential Hill-Sachs lesions on the humeral side. 24 Beyond standard radiography, MRI or magnetic resonance arthrography (MRA) studies may suggest the degree of bone loss in the most lateral glenoid cut on the sagittal oblique series. However, the current standard imaging modality for quantifying glenoid bone loss isCT.
Standard CT scans can be used to estimate bone loss and detect rim fracture fragments; more recent three-dimensionally reconstructed scans can also be performed with digital subtraction of the humeral head. By use of this modality, glenoid osseous deficiency is quantified as a percentage of the normal inferior glenoid surface area.6'13 A bestfit circle is drawn on the inferior two thirds of the glenoid image, which has been shown to be a consistent anatomic configuration.6'26 The amount of bone missing from the circle, as a percentage of the total surface area of the inferior circle, is then determined with digital measurements. Given the precision with which this modality can preoperatively quantify glenoid bone loss, its use should be strongly considered in patients in whom the history, physical examination, or standard radiographs suggest the possibility of significant bone deficiency.
Arthroscopic Determination of Bone Loss
Huysmans et al26 demonstrated that the normal inferior glenoid is bounded by a nearly perfect circle with an average diameter of 24 mm. A frequently seen bare area in the center of the glenoid has been shown to reliably mark the center of this circle2628 ( Figure 2 ). Lo et al8 have described a method of quantifying glenoid bone loss by measuring the anterior-posterior width of the defect at the level of the bare spot. With the arthroscope in the anterosuperior portal (Figure 3 ), a calibrated probe is inserted from the posterior portal to measure the distance from the anterior and posterior rims to the bare spot. The difference between the anterior and posterior radii can then be quickly calculated and referenced as a percentage of the diameter of the normal inferior gleArthroscopic quantification of glenoid bone loss in a right shoulder. The arthroscope is placed in the anterosuperior portal, and the glenoid is viewed from superior to inferior. A calibrated (3-mm marks) probe is then inserted through the posterior portal and used to measure the anterior and posterior radii of the inferior glenoid (ie, transverse distance at the level of the bare spot). When an anterior measurement is less than the posterior one, anterior bone loss will be apparent. The degree of bone loss can be quantified as a percentage of the normal diameter of the inferior glenoid (assumed to be twice the posterior radius). Here, 7 mm of bone remains anterior to the bare spot, representing a 21% width defect.
noid. The diameter of the normal inferior glenoid is assumed to be twice the distance of the posterior rim to the bare spot: Significant bone defects based on biomechanical data. Note that these defects have been created at a 45°i nclination to the long axis of the glenoid. Progressive loss of stability and external rotation are seen as defects increase in size, particularly beyond widths of approximately 6 to 7 mm. This degree of bone loss corresponds with roughly 5 mm of intact bone beyond the bare spot.
Posterior Anterior
Significant bone defects based on clinical correlations. The posterior slope of the defect creates a narrower inferior glenoid width and the so-called inverted pear appearance when viewed superiorly (through the anterosuperior portal).
documented. We believe it should be routinely performed before any anterior stabilization is undertaken to confirm the appropriateness of the subsequent procedure.
Critical Limit
Several investigators have attempted to define the critical limit at which glenoid bone loss destabilizes the shoulder. In a classic biomechanical study, Itoi et al5 performed sequential removal of increasingly large portions of the glenoid in 10 cadaveric shoulders.
Osteotomies were made at a 45° inclination to the long axis of the glenoid, and the degree of bone deficiency was quantified by the width of each sequential resection as a percentage of the total length of the glenoid (9%, 21%, 34%, and 46%). Peak forces required to translate the humeral head a unit distance were measured using a multiaxis testing machine, with and without capsulolabral repair. Stability decreased progressively as the degree of bone loss increased, dropping off notably with osseous defects >21% (average defect width, 6.8 mm). A significant drop-off in external rotation was also seen with defects >21%, with capsular advancement reducing external rotation by 25° per centimeter of defect spanned. Using a similar model, Greis et al30 reported significant increases in glenohumeral contact pressures with glenoid bone defects of >30%, further suggesting that this degree of bone loss is indeed biomechanically relevant. These results indicate that width defects of the inferior glenoid circle of 6 to 7 mm are significant (Figure 4) . The 21% threshold value given by Itoi et al,5 however, must be interpreted with care. This percentage does not correspond to a straight anterior-posterior width, and it should not be confused with actual anterior-posterior or surface area measurements of other studies.
Clinically, Burkhart and De Beer12 appreciated a high rate of failure after isolated capsulolabral repairs performed in patients with an inferior glenoid that narrowed to create an inverted pear appearance when viewed arthroscopically through an anterosuperior portal. Lo et al8 quantified bone loss in patients with recurrent instability and an inverted pear glenoid with the arthroscopic method described above; they demonstrated that patients with an inverted pear glenoid had a mean anterior loss of 8.6 mm of bone, corresponding to 36% loss of the total glenoid width at that level. Consistent findings were seen when an inverted pear appearance was artificially created in cadaveric specimens.
The inverted pear appearance corresponded to 7.5 mm of anterior glenoid bone loss-a 28% loss of glenoid width at the level of the bare spot ( Figure 5 ).
When the inferior glenoid is viewed as a circle, the anterior-to-posterior glenoid width loss of a given defect can be converted to a surface area percentage (as described by Sugaya et al17) by calculating the corresponding circle segment area (Table 1 ). Taken together, these data suggest that significant instability will accompany anterior width losses of >25% to 30% at the level of the bare spot, or inferior glenoid surface area losses of >20% to 25% (Figure 6 ).
However, these thresholds are applicable to the more common scenario of isolated glenoid bone loss. In the less common situation of an additional engaging Hill-Sachs lesion,12 smaller glenoid defects would be expected to take on greater significance.
Management Nonsurgical
Evidence exists that immediate external rotation bracing may somewhat decrease the risk of recurrence in patients with soft-tissue Bankart lesions;31 however, no studies have determined whether this approach is effective in patients with significant glenoid bone loss. Therefore, the current nonsurgical approach focuses on enhancing the dynamic stabilizing role of the periscapular and rotator cuff musculature. This compensation may allow some patients to avoid surgery; however, as the degree of bone loss increases, muscular enhancement via physical therapy will be increasingly insufficient to maintain a stable shoulder because of the lack of sufficient bony articulation. Activity level and the degree of bone loss thus are the two most important Posterior Anterior Summary of critical bone defects. Losses of <15% width (<3 to 4 mm from the anterior rim) may be insignificant in most patients. Width losses of 15% to 30% (between 4 and 9 mm of bone remaining anterior to the bare spot) will be significant in some patients. Losses of >30% (<4 mm of bone left anterior to the bare spot) will likely be significant in most patients.
factors to be considered in deciding on treatment options. Nonsurgical treatment is best applied to lower-demand individuals (eg, nonoverhead athletes) with smaller defects (ie, <20%). Additionally, voluntary dislocators, patients with risky comorbidities, and those unable to comply adequately with postoperative rehabilitation are best served by conservative management. The rehabilitation protocol is generally identical to that used in patients with soft-tissue-only instability except that patients with greater degrees of bone loss, as well as their therapists, must remain aware of at-risk positions in order to prevent dislocation. An initial period of immobilization is generally followed by supervised rehabilitation, which focuses on progression from passive to active-assisted and active motion as well as eventual rotator cuff and periscapular muscle strengthening. The ultimate goal is *| maintenance of the shoulder in a stable arc during functional activities.
Surgical
In most cases of glenoid bone loss, surgical intervention is indicated when an initial course of nonsurgical management has failed to restore adequate function and quality of life. Surgery may be recommended as an initial approach in young (aged <25 to 30 years), highly active (eg, overhead, contact) athletes with severe (>25% to 30%) bone loss, given the likelihood that conservative management will fail in this setting.12 Most active patients with acute glenoid fractures constituting >30% of the glenoid also should be considered for index surgical intervention to avoid malunion or nonunion. When surgery is indicated, numerous options are available for managing glenoid bone loss. The best procedure is one that considers the surgeon's comfort level, the patient's activity level, and the degree of bone deficiency (Figure 7 ),
Bone Loss of Less Than 15%
Most patients with recurrent anterior glenohumeral instability have minor bone loss (ie, <15%), although the overall incidence is likely underappreciated. 6 Bigliani et al9 reported on a series of 22 patients who had recurrent anterior instability after traumatic dislocations; the authors predominantly noted a small (ie, <10% to 15%) avulsion-type fracture pattern of the rim. Most of these fractures were treated with direct open anatomic repair of the bone fragment/capsulolabral composite to the remaining glenoid rim. At a mean follow-up of 30 months, Bigliani et al9 noted satisfactory results in 86% of patients, 72% with normal postoperative stability. Although the numbers are small, the success rate was much higher in patients in whom the bone fragment could be anatomically incorporated into the repair. Among fractures repaired in this manner, 94% remained stable postoperatively. Among fractures in which the bone fragments were ignored, 40% of patients suffered postoperative recurrent instability. These findings suggest that bone fragment incorporation may be critically important in some cases. Excellent results have also been reported with arthroscopic repair of these small defects. Porcellini et al15 treated 25 acute and subacute (ie, within 3 months of injury) rim avulsion fractures (25 patients) with arthroscopic mobilization of the fragment, followed by reduction and suture anchor fixation through the labral interface. Bone loss, which was quantified based on a subjective assessment of the total glenoid surface area involved, was <25% in all cases. At 2-year follow-up, good to excellent Rowe scores were noted in 23 patients, and 92% of patients had returned to their previous level of sport. Two patients returned to sport at a lower level, an outcome that was attributed to a loss of external rotation (mean, 9.7°).
No clinical data suggest a cutoff below which outcomes, if ignored, will not suffer. Still, the minimal destabilizing effect of the "9%" osteotomy (12% anteroinferior width loss) of Itoi et al,5 as well as the widely reported excellent results in a series of presumed soft-tissue-only Bankart lesions (with likely minor unrecognized bone deficiencies) reported by Sugaya et al,6 suggest that most defects of <15% will have minimal implications when treated with sound open or arthroscopic capsulolabral repair techniques. For these defects, therefore, we feel that a standard Bankart repair is indicated.
Bone Loss of 15% to 25%
As glenoid bone deficiency nears 25%, progressive joint alteration becomes clinically significant in a greater number of patients. Still, several series have demonstrated excellent outcomes in patients with this intermediate degree of bone loss when bone is restored to the glenoid rim. Many suggest that bony restoration should be undertaken when possible.
Sugaya et al17 reported outcomes in 42 consecutive shoulders with at least 6 months of recurrent anterior instability and recognized glenoid bone deficiency. Rim avulsion fractures were arthroscopically reduced and fixed to the glenoid rim with suture anchors in the labral interface ( Figure 8) . As determined by threedimensional CT scans, the average preoperative osseous defect was 24.5% of the inferior glenoid surface.6 At a mean 34-month followup, 93% good to excellent results were noted, based on Rowe and UCLA scores; 95% of patients returned to sport. Small decreases in external rotation (4° to 5°) were noted, but these did not reach the level of statistical significance. Two Treatment algorithm for surgical management of glenoid bone loss. 3D = three-dimensional, ICBG = iliac crest bone graft, SA = segment area * Possible increased failure rate among contact athletes and limiting loss of external rotation in throwers T Possible long-term arthrosis, implant problems, and/or rare return to play in throwers patients (5%) suffered recurrent instability after contact injury during sports. Postoperative CT scans were obtained in 12 patients at final follow-up; the scans demonstrated union in all cases, suggesting that these bone fragments retain viability and the potential to heal in a repaired position in most cases, even up to 6 months after injury.
The literature suggests diminished outcomes in these intermediate deficiencies when bone is not restored to the glenoid rim, as is the case with smaller defects. Mologne et al16 recently reported a single-surgeon experience in 23 active military personnel (mean age, 25 years) with recurrent anterior instability and associated glenoid bone defects, ranging from 20% to 30% width loss (ie, 5 to 7 mm) at the level of the bare spot. At a mean of 34 months after arthroscopic stabilization, a 14.2% rate of failure was reported; failure occurred exclusively in patients with attritional bone loss in whom no bony fragment was available for incorporation into the repair. By contrast, no failures occurred when a bony fragment was Arthroscopic repair of glenoid bone fragments. A, Anterior labral bone fragment attached to the labrum. B, Sutures passed through the fragment-labral interface. C, Final repair construct. present and incorporated into the repair. Patient-specific factors are also important to consider in this intermediate range of bone loss. Burkhart and De Beer12 noted an 89% failure rate in contact athletes following soft-tissue-only repair of defects of approximately 25% to 30%.
As bone loss approaches 30% and patient demands increase, soft-tissue-only repair has an increased failure rate. In such situations, available bone fragments should be incorporated into the capsulolabral repair when possible. When no bony fragment is available, the surgeon must consider open glenoid bone augmentation, weighing the potential for increased complications against the risk of higher recurrence rates if bone defects are ignored.
Bone Loss of More Than 25% to 30%
For bone loss of >25% to 30% (ie, <4 to 5 mm of bone remaining anterior to the bare spot and/or an inverted pear appearance), optimal results typically require reconstitution of the glenoid bony arc, given the biomechanical loss of stability5'32 and poor clinical outcomes when ignored.8'12 Ideally, arc reconstitution would be possible by repairing fracture fragments along with the capsulolabral tissues. In the more acute setting, good results have been reported for open fracture fixation. Scheibel et al33 reported good to excellent results with no recurrent instability at a mean 30-month follow-up after open fixation of large (>25%) glenoid rim fractures. Expert opinion provides anecdotal examples of success by addressing a small number of these fractures with arthroscopic reduction and percutaneous screw fixation. Regardless of the means, the important principle appears to be anatomic reconstruction whenever possible.
In the more common scenario, however, the glenoid is deficient arthroscopically (ie, inverted pear glenoid), without an adequate fracture fragment available for reconstruction.12 In these cases, the fragment is either absent (attritional loss) or has partially resorbed and is too small to accommodate screw fixation. When bone loss of this nature is >25% to 30%, some form of open bone augmentation is required in the primary setting. Several techniques have been described; however, no single bone augmentation procedure is regarded as being best. The implication across several different techniques, however, is that, so long as the osseous deficiency is restored in a nearanatomic fashion, outcomes generally will be very good. Final decisions regarding the ideal bone augmentation procedure, therefore, are left to surgeon preference.
The most popular and well-studied methods of glenoid augmentation involve transfer of the coracoid process to the anteroinferior glenoid (ie, Bristow or Latarjet procedures).34'35 The Latarjet procedure is preferred by many surgeons because it uses a longer segment of coracoid than does the Bristow, fixing its long axis parallel to the anterior glenoid rim and providing a more anatomic restoration of the glenoid bony arc12 ( Figure  9 ). In the Bristow procedure, the coracoid is fixed perpendicular to the glenoid at its base. However, good results have been reported for both. 35 The Latarjet procedure is performed through an anterior approach. After release of the pectoralis minor tendon, the coracoid is osteotomized proximal to its angle, rotated 90°, and passed through a split in the midportion of the subscapularis tendon. Minor adjustments to the bony contour can be made with a burr and the graft fixed flush with the glenoid articular surface with screws, its long axis parallel to the long axis of the glenoid. A cuff of coracoacromial ligament may be left on the coracoid process for attachment to the capsulolabral complex. The capsule and labrum are additionally fixed posterior to the graft at the glenoid margin with suture anchors-that is, the graft becomes extra-articular. The Bristow procedure is performed using a similar approach, although the coracoid is osteotomized transversely and fixed to the glenoid neck at its base, so that the long axis is directed anteriorly. In these approaches, the conjoined tendon is left intact for potential bone block blood supply as well as to act as a theoretical soft-tissue sling in abduction. Alternatively, the coracoid graft may be released from its tendinous attachments and used as a free bone block. Hovelius et al35 published the clinical outcomes of a prospective cohort of 118 patients with recurrent anterior instability treated with a Bristow-Latarjet procedure at a mean 15.2-year follow-up. Redislocation occurred in 3.4% of patients and subluxation in 10%. Good to excellent Rowe scores were reported in 86%; 98% of patients were satisfied or very satisfied on final followup. In a separate publication, however, 14% of the patients in the same cohort reported moderate to severe dislocation arthropathy; mild arthropathy was reported in another 35%. 36 Although not statistically significant, this glenohumeral arthropathy occurred more frequently in patients whose grafts were placed at or lateral to the glenoid rim.
Hovelius et al37 also compared a prospective cohort of 30 BristowLatarjet procedures with a retrospective cohort of soft-tissue-only Bankart repairs at a mean follow-up of >15 years. One in four of the Bristow-Latarjet patients reported subjective or objective anterior apprehension; still, the rates of revision for recurrent instability, dislocation arthropathy, and overall patient satisfaction were similar between the groups. Most patients in both cohorts resumed their premorbid level of athletic activity, with a greater number of patients in the Latarjet group subjectively able to throw normally after surgery.
Schroder et al38 demonstrated longterm durability of the BristowLatarjet procedure at 26 years in US Naval Academy midshipmen. However, loss of external rotation and potential glenohumeral arthrosis remain a concern.
Others have recommended glenoid reconstruction with structural bone graft. Most commonly, iliac crest autograft or allograft (the so-called Eden-Hybbinette procedure) is used, given the close match of bony contour to the glenoid39 (Figure 10 ). In this procedure, the curve of the inner table of the iliac wing is matched to that of the glenoid, with the concave inner table facing laterally and the cancellous base of the graft secured to the glenoid neck. The biomechanical merits of such contoured boneblock reconstruction have been demonstrated by Montgomery et al,32 who in their cadaveric study showed that a well-contoured bone block restores glenohumeral stability in significant defects. However, early clinical series demonstrated high rates of postoperative arthrosis39 and up to 18% recurrent instability.40 As in the Latarjet procedure, the capsule may be repaired to the native glenoid such that the iliac crest bone graft becomes an extra-articular structure.
Still, Haaker et al41 reported a 90% rate of patient satisfaction and no recurrent instability in 24 patients treated with iliac crest autograft at 42-month follow-up. Likewise, Warner et al20 reported their clinical results using tricortical iliac crest autograft to reconstruct clinically significant glenoid bone defects in 11 cases of recurrent anterior instability. The grafts were meticulously contoured to the glenoid and fixed intraarticularly with cannulated screws, followed by an anteroinferior capsular repair (making the graft intraarticular). At a mean 33-month follow-up, no recurrent episodes of instability were noted, and CT scans obtained 4 to 6 months postoperatively demonstrated graft incorporation in all patients, with preservation of joint space.
Revision Surgery
Revision surgery is subject to the same biomechanical principles as is surgery in the primary setting. Significant bone loss will predictably lead to failure if not addressed at the index procedure.12 In addition, the bony deficit may frequently be underrecognized. 13 It is therefore incumbent on the surgeon to consider whether significant bone loss has contributed to a failed stabilization. In the presence of adequate capsular tissue, however, we recommend the use of the same treatment protocol for revision cases with bone loss as that used in the primary setting.
Summary
Although recurrent anterior shoulder instability can result from a variety of causes, a high frequency of traumatic cases involves some degree of anterior glenoid bone loss that may be unrecognized at the preoperative patient evaluation, Proper radiographs, advanced imaging techniques (ie, MRI, MRA, three-dimensional CT), and arthroscopic measurements provide the means for determining the extent of bone loss. Biomechanical and clinical observations have demonstrated the critical role of an intact glenoid articular arc in maintaining shoulder stability and function. These principles hold true for primary as well as revision stabilizations; high rates of surgical failure have been recognized when larger defects are not appropriately addressed at the time of surgery.
Understanding the significance of the degree of bone loss helps to guide treatment. Defects involving <15% of the anterior or anteroinferior glenoid margin are likely to be insignificant in most patients and can be addressed with a straightforward Bankart repair. Defects of 15% to 30% represent an intermediate area, within which the level of patient activity dictates the importance of bone restoration. Toward the high end of this range, greater importance is placed on glenoid arc reconstitution in contact athletes. Bone defects in this middle zone can be managed via open or arthroscopic repair of an available glenoid rim fragment or, when no such fragment exists, via open bone augmentation techniques. With >30% bone loss, unless a large fracture fragment can be anatomically reduced, it is generally advisable to proceed with open bony augmentation procedures. In general, as the degree of bone loss increases, the ability to ensure predictable function and return to play diminishes, although attention paid to basic biomechanical, clinical, and reconstructive principles can provide a satisfactory return to function in most patients.
